Objective: to present a theoretically based conceptual framework for designing video games for children with type 1 diabetes mellitus. Methods: this was a methodological study that developed a conceptual framework with nine steps in view of health behavior change theories and the user-centered design approach as theoretical and methodological frameworks, respectively.
. In addition, the literature (17) points the role of the qualitative research to video game development, which is an important step that needs to be followed by studies that are designed for teaching-learning and behavior changes.
Studies have reported considerable improvements
that enhance the effectiveness of video games and further explore their potentialities. Beyond the user´s involvement in the designing process (8, 16, 19) , the use of theories and theoretical frameworks (TF) are important keys in designing video games and interactive technologies that can induce behavioral changes (11, (22) (23) (24) .
Some video game interventions designed for children with T1DM (9, (25) (26) and health in general (27) studies that structured frameworks designed to prevent type 2 diabetes mellitus (T2DM) (23, 15) and to influence changes in diet and physical activity (22, (28) (29) . The Theory of Planned Behavior guides a framework designed to increase adherence to treatment in T1DM patients (26) . The
Theory of Multiple Intelligences, the SCT, and the game elements form a model to guide researchers to create games for learning and behavioral changes (27) . All these researchers have played an essential role in the advances to achieve well-designed and well-implemented video game interventions.
Among the health behavior theories, the Transtheoretical Model of Change (TTM), originally used as a conceptual tool for smoking cessation (30) , has been used in a growing range of investigations. The promotion of physical activity among adults with T1DM
and T2DM (31) , other behavioral changes in diabetes (31) (32) (33) (34) , increased consumption of fruits and vegetable among adolescents (35) , and promotion of effective stress management (36) are discussed. According to the TTM, individuals with the same conditions may present five different stages of change: pre-contemplation, contemplation, preparation, action, and maintenance.
It predicts that applications need to cater to different individuals and different moments in their treatment (37) .
Although the use of this theory is part of recent literature discussions, no video game design has considered it (38) .
Although the literature presents many studies that propose the development and Evaluation of video games for health, the scientific community warns about the importance of rigorous development of these educational technologies. The studies must follow theoretical foundations and also consider the needs and experiences of the future user (8, 17, 21) .
In order to contribute to this field of studies, we conducted a methodological study that address the following research questions: 1. What is the conceptual framework to guide the designing of video games for children with T1DM that is based on the TTM, behavioral determinants from other health behavior change theories, and the UCD approach? 2. What are the designing principles for a video game for children with T1DM that are based on a theoretically based conceptual framework?
The motivation behind this methodological research study focuses on presenting a theoretically based conceptual framework for designing video games for children with T1DM. We expect with this study to contribute with researchers in the technologies development field to improve methodological issues important to the design of the video games, as well as to contribute with those who aim to develop technologies for children with chronic diseases, especially with T1DM. The exclusion criterion was any form of developmental delay that could interfere with the data collection strategy. The focus group data were analysed following deductive and inductive content analysis guidelines (40) (41) .
Generation of ideas Step eight concerns the in-depth study of several health behavioral change theories and their determinants, culminating with the choice of appropriate theories and determinants that should be capable of influencing children's behaviors and preferences identified.
Step nine presents the conceptual framework that guides the development of video games for children with T1DM, completed in November 2015. The study was approved by the Institutional Review Board (Process no 246.418).
Results
The TTM was chosen as the theory that will form the basis of the developed conceptual framework. is structured within a circle (47) that will promote to the perception that the child is gaming and playing in a space that is not like "ordinary" life. The profile of the future user, and his learning needs and preferences previously identified are outside circle in green. The interventions proposed by the conceptual framework for each phase will be presented below.
The testimonials from children participating in the study illustrate the results.
In the pre-contemplation stage proposed by the conceptual framework, the child has no information about diabetes or does not believe in the importance of proper self-care for disease management. The determinant of knowledge, from the TSC, is the key to moving the child from pre-contemplation to the stage of contemplation (48) . In addition, the learning needs about illness and self-care, evidenced in the children's voices, We named "The discovery setting" the place that can simulate the location of diagnosis, outpatient followups, or emergencies resulting from treatment failures.
In this stage, the child does not consider a change in the near future, so he is not willing to talk or reflect on Sparapani VC, Fels S, Kamal N, Nascimento LC.
in the skin [referring to lipodystrophies], the insulin will get stuck in the skin and the player will have to rescue it (Girl, 10).
The extrinsic motivation, a determinant from the SDT, will be in high levels in this stage, because the child at this moment does not think about modifying his behavior and needs to be stimulated. Rewards, feedbacks with informational characteristics, and positive comments coming from professionals, friends, and parents will be key components to motivate the child.
We believe that these strategies can motivate the child to move to the next stage of behavioral change.
In the stage of contemplation, the child must overcome barriers that will allow a change in the coming months.
Pain, fear, insecurity, desire, and anger were identified from the perspective of children as barriers to adequate self-care tasks. A 10 years old boy exemplifies how the video game should be at the time of insulin injections to help him to overcome the fear: To pass this level, the character has to get the insulin that will be inside a refrigerator.
But there will be a "monster". The character will have to kill it in order to get the insulin (Boy, 10).
Self-efficacy from the TSC will be paramount at this We name this location as "the training setting".
This phase can take place in a diabetes camping, an educational session or weekend meeting. The levels of intrinsic and extrinsic motivation will be matched. At this point, the child will continue to receive external incentives such as points, prizes, or tokens to exchange, during the execution of his activities. However, he will be free to choose tasks and activities. The setting will stimulate his autonomy and sense of competence, step by step, which will be reflected in the care of diabetes. The player will meet other children, which will help him to feel like a member of a group connecting and relying on it. The activities in this stage aim at overcoming the difficulties in practical skills and encouraging the child to apply the expertise and knowledge gained in moving to the stage of action.
In the stage of action, the child will put into practice the changes that have been achieved, which will continue to increase. It comprises the fourth phase of the framework and represents "The adventure setting" considering that this is the moment of the child's action. The content seized by the child so far will
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be contextualized in a way that is meaningful to him. The levels of extrinsic motivation will be reduced, as opposed to those of intrinsic motivation. The stimulation for self-direction, initiated in the preparation stage, will be intensified and the child will experience situations in which decision making will be essential for his progression in the game. The player's choices will result in positive or negative consequences, and in an appropriate and informational way, the game will bring him feedback. Friends will provide the necessary social support in the face of proposed challenges, which aim to encourage the child's decision-making regarding actions related to diabetes self-care. The child will experience physical results from his actions such as how to recover quickly when performing the appropriate treatment for hypoglycemia.
The child can also perform appropriate actions based on expectations of appreciation from people who are significant to him such as those in the health staff and family. Finally, the well-being caused by performing appropriate behaviors will determine positive selfassessments, which will influence the child to maintain such behaviors. These strategies and experiences will help change the child's behavior by moving him to the next stage of change called maintenance.
In the maintenance stage, the child will retain the behavioral change achieved so far, preventing relapses In this stage, the levels of extrinsic motivation, that is, of external stimulation, will be low in relation to the high levels of intrinsic motivation. Intrinsic motivation, applied gradually in previous stages, will reach high levels and will be the main determinant in this stage of change, motivating the child to maintain the behaviors achieved and to continue his progression. The focus is on preventing relapses into inappropriate behaviors that were present in earlier stages. The child, in the role of the main player, will be encouraged to expand and exercise his own abilities, exploring and learning in a challenging environment in order to maintain feelings of competence, autonomy, and connectivity (44) . The idea is to make the game more rewarding to the child as he feels more capable of performing self-management without offers of outside rewards.
Parents, friends and teachers will be the social support necessary for the child to feel part of a group.
Children can receive help from friends during play time;
family members can encourage the child and teachers The child will feel more confident to experience moments of leisure without the difficulties that could be imposed by self-care tasks, which could happen to a child in the stage of contemplation, for example. At the end of this stage, we expect the child to be intrinsically motivated, that is, he will value self-care in diabetes and show a sense of personal commitment to his treatment, overcoming the lack of knowledge, barriers, difficulties in practical skills, and the lack of awareness, maintaining and evolving every day as the result of achieved behavioral changes.
In "the power setting", the main character in the role of a superhero will be expert and knowledgeable in T1DM. He will demonstrate knowledge about the disease and self-care tasks. Confident, he believes in the positive outcome of his actions and is the champion of T1DM management, proving to be intrinsically motivated to do so. Being attractive and displaying the high power of persuasion (46) , this superhero will be able Sparapani VC, Fels S, Kamal N, Nascimento LC.
to transmit his knowledge and abilities to other children with diabetes who will be in the previous stages of behavioral change.
In this stage, the superhero and other children with T1DM will face difficulties, and together will carry out various activities to overcome them. Through their behaviors and convincing messages, the superhero, envisioned as a role model, will encourage these children to try and embrace positive changes. The goal is to promote the perception that the child can overcome all his difficulties towards T1DM self-management and can still act as a model to be followed by other children who already have similar experiences.
Discussion
The development of this conceptual framework solidifies the whole process of development of this research that used the health behavioral change theories and its determinants as a theoretical reference, as well as the UCD as the methodological referential.
The framework presented is inside a circle.
According to the literature, the spatial, temporal, and psychological boundaries that exist between the game and the real world are what characterize the "magic circle" (47) : the space where the game happens. The child's real world has a special meaning when placed inside the "magic circle", which can promote significant experiences to the player (47, 49) .
The TTM is the theory that is the base of the conceptual framework. It recognizes the individual stages that are required to develop a behavior. It suggests that the individual moves through stages when changing existing behaviors or adopting new ones (45) . Considering the stages of change, the literature recommends a combination of interventions and information, personalized to each stage, which facilitates individual behavioral changes (45, 48, 50) . Also, the TTM theory allows that different behavioral determinants from other theoretical models (TSC (42) (43) , Theory of Self-Determination (44) ) are applied in interventions across the stages of change, which justifies its name as transtheoretical theory (45) , as we proposed in the conceptual framework. In this study, we choose the health determinants that should be capable of influencing children's behaviors and preferences previously identified, which is a differential in studies from this field.
Taking into account a chronic disease such as T1DM, the understanding of the disease and achievement of selfmanagement are particular stages in each individual (51) .
A study that identified learning patterns in patients older than 18 years who were recently diagnosed with diabetes, concluded that even within the same disease duration, the learning needs, strategies, and health care requirements for living with diabetes are different between individuals (51) .The understanding and selfmanagement of diabetes occur gradually and according to the stage of change in each individual (51) . The TTM places patients in their most appropriate stage of change through an individualized assessment of readiness. The complexity of diabetes self-management such as the acquisition of knowledge, skills, and behaviors necessary for appropriate self-care tasks such as insulin injections, self-monitoring blood glucose testing (SMBG), diet, and exercises can be approached by the TTM (48) and is considered in the video game design for children with T1DM at this conceptual framework.
The video game proposed by the application of the TTM identifies key behaviors related to the disease and plans and strategies in each stage, helping the patient to move through the stages of change, enhancing and facilitating self-management in diabetes (48) . It is important to remember that a child can be at one stage in the dietary behavior and in another in the insulin injections (48) . In applying this theory, the videogame can work with the tasks of self-care, placing them in different stages for the same individual as well as with other aspects necessary for disease self-management.
The conceptual framework that is presented in this study can assist health professionals and designers to develop a particular strategy that will benefit a greater number of individuals.
According the literature, the pre-contemplation stage is aimed to those who have attempted to change behaviors and failed, or were unable to change or maintain change (38, 45, 48) . In this stage the individual is not prepared to overcome barriers or implement care practices (38) .The videogame needs to surprise and convince the child that change is possible (38) using stories that are easily entertaining and funny. The literature points that the immediate feedback on the player's decisions, functioning in an action-reaction scenario, alerting the player whether he is on the right track or not (22, 25) are successful strategies to promote learning about the disease. Medals, scoreboards, points, challenges, tests, feedbacks with informational characteristics, and positive comments (52) will also be key components of the game to motivate the child.
Also, family, health team and friends will represent the determinant of social support (27, 43, 53) , essential to this stage. Thus, the child will have reasons to positively modify his behaviors in relation to treatment (42) .
In the contemplation stage, the self-efficacy is a determinant capable of influencing the child's belief that it is possible to overcome obstacles by adopting
new habits (42) . By believing that he can prevent or face moments of fear or pain, the child raises their levels of self-efficacy, having no more reason to feel disturbed by these moments (42) . The video games can include tasks that help the player to overcome barriers to treatment, or even make them easier (54) . To carry out the insulin injection in a plush toy, and thus losing the fear of handling syringes and needles, is one example (55) . Older children may respond better to cognitive behavioral therapies that include relaxation, coaching, guided imagery, behavioral testing, and reinforcement (55) .
Relaxation techniques can be organized by a meaningful person and promote relief of pain, affliction, anxiety, and stress (56) (57) (58) (59) leading the child to feel more confident that he is able to perform certain activities (42) .
When feeling confident about executing shortterm goals, the child overcomes insecurities, feels motivated, and self-efficacy is increased until the entire task is carried out (42) (43) . A well-developed narrative that reaches the child's engagement in the activity can lead to potent and positive stimulation (59) . When the stimulus is interpreted positively, the belief in individual efficacy is increased (59) and the child will feel able to overcome barriers, and subsequently move to the next stage of change proposed in the framework.
In the preparation stage, the child will dedicate himself to the completion of a plan aiming at the desired change; he can soon experience small transformations as his determination to change is increased (54) . The diabetes camping's have represented effective strategies in the promotion of adequate diabetes management (60) (61) (62) (63) with the aim of sharing experiences with colleagues with the same diagnosis and to empower children to become more responsible for their condition. Thus, the scenario of diabetes camps are ideal places for teaching selfmanagement skills (60) as well as weekend meetings and innovative and creative educational group sessions.
According to the literature, the use of stories can motivate the child to continue playing the game, encouraging him to engage in healthy behaviors, even without the presence of extrinsic motivation (64) . In the action stage of the framework, the intrinsic motivation determinant will increase the feelings of autonomy, connectivity, and competence gradually increasing the child's intrinsic motivation in the management of diabetes (44) . The child will retain the behavioral change achieved so far, preventing relapses and showing more confidence that the changes may continue (45, 65) . At this point, the child will be at the maintenance stage of the framework, which will prepare the player to his progression to the last stage.
Most studies do not include the termination stage of TTM in the interventions because in this stage, individuals are 100% self-efficacious, which is a difficult condition to achieve (45) . In this stage, there is no chance for reengaging in inappropriate behaviors. Even in difficult moments, the individual is totally confident and sure that he will not return to previous behaviors. However, we will use this stage in the conceptual framework in which the child, in the role of the main character, will be considered a superhero and will be able to help other children who are in the earlier stages of change.
The Elaboration Probability Model (46) used in the last stage refers to results that different persuasion variables have on the change process and in the strength of these results (46) . Superheroes have a high impact power in the real life of children, who can idealize their growth, thinking of being like the hero they most admire (66) .
Comic superheroes have played important roles promoting health in various fields. Their interventions in the area of epidemiology, education, and psychology have been reported (66) . The use of heroic characters in the history of video games, aiming at promoting health for children, is a strategy that has been used (23, 67) .
From the analysis and integration of the steps developed in this research, the conceptual structure was presented. Future research may examine the learning needs of target populations in other age groups such as adolescents or even considering other chronicities such as cancer, asthma, and cystic fibrosis. Also, the children who participated in the FG were recruited from a diabetes education group, which is considered as a study limitation. It may be that, if we had included children who were not participating in educational groups, different learning needs could be identified.
Conclusion
The presented conceptual framework places the child with T1DM in the different stages of behavioral change, based on the TTM, applied behavioral determinants from other theories and involved the future users using a UCD approach.
We chose support on the broad scope of this conceptual framework because we know that a child may be in the pre-contemplation stage regarding insulin injections and in the action stage regarding the SBMG.
When playing a video game that contains all the stages presented in this conceptual framework, the child will receive interventions for his needs at different levels, which confers the probability of reaching a greater number of children in different situations.
In addition, the conceptual framework is developed in a way that different games can be structured and developed, depending on the identification of the needs of future users and the stage of change in which they are.
